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SUMMARY 



An analysis has "been made to determine the probable 
aerodynamic section characteristics of a plain flap with . 
various arrangements of an internal "balance. Tests in two 
dimensional flow have "bean made in the NACA 4- "by 6-foot 
vertical tunnel of an NACA 0009 airfoil with an internally 
"balanced flap in order to check the validity of the analyt 
ical calculation. The results of these tests, presented 
in this paper, indicate that the calculations are in agree 
ment with experiment . The analysis has "been extended on 
the "basis of the lifting-line theory to include an approx- 
imate method for the design of an internal "balance for a 
control surface of finite span. 

The present investigation indicates that an internal 
"balance is an aer odynamically desirable means of control- 
ling the magnitude and the direction of the rate of change 
of flap hinge moment with angle of attack and with flap 
deflection. Because the internal "balance is entirely con- 
cealed within the airfoil contour, the lift, the drag, 
and the pit ching-moment characteristics of the control 
surface are in no way affected by the presence of the "bal- 
ancing surface. Analytical considerations indicate that a 
full-span "balancing tab actuated by an internal balance 
should prove to be a feasible method of reducing control 
f orce b . 

INTRODUCTION 



The desirability of reducing the hinge moments of air 
plane control surfaces has long been apparent. The reduc- 
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cion of control— surf ace fringe moments should prefer- 
ably be accompli shed in such a manner as to improve and 
not to impair the flying qualities of the airplane. In an 
effort to solve this problem, the HACA is conducting an 
extensive investigation of the aerodynamic characteristics 
of control surfaces. The main objectives of this investi- 
gation are to arrive at a rational method for the design 
of airplane control surfaces, to determine the type of 
flap arrangements best suited for use as control surfaces, 
and to supply experimental data for design purposes. 

Several years ago the HACA made measurements in two- 
dimensional flow of the pressure distribution on an 1TA0A 
0009 airfoil with plain ilaps of various chords. The re- 
sults of theso tests are reported in roforences 1, 2, and 
3. Tho pressure-distribution records of these tests have 
been analysed to determine the possible characteristics of 
a flap with an internal balance. The internal balance is 
a mechanism by which the pressure difference between two 
points on tho airfoil is used to act upon a flat plate or 
siuilar device entirely enclosed within the airfoil pro- 
file and thus to do work in deflecting the control surface. 
By the proper location of vents on the airfoil surface, it 
was found to be theoretically possible to vary independent- 
ly the flap hinge-moment parameters to any desired magni- 
tude and to provide the cgntrol surface with any desirod 
initial hinge moment at 0 angle of attack and flap deflec- 
tion. 

'Tho present parer presents a theoretical analysis of 
the ciarpct eristics of an internal balance and a nethod 
of calculating the physical characteristics of such a bal- 
ancing device to give any desired section hinge-moment 
characteristics to a control surface. In order to check' 
the analytical calculations, test s of an internally bal- 
anced flap have bsen made in two-dimensional flow and the 
results of these uests are discus sod. 'i'ne application of 
internal balance to tabs is briefly treated. 

SYMBOLS 



The symbols used in this paper are: 
0 L airfoil lift coefficient (L/qS) ' 



airfoil section lift coefficient (l/qc = dl>/qcdb) 
C h flap hinge-moment coefficient (H/q.c'fSf) 
^ • Ci. flap section hinge-moment coefficient 

V £ qc/db ' 

c m airfoil section pitching-moment coefficient 

U/v* --48_) 

> qc 3 db ' 

P resultant pressure coefficient (~~^~ q~^) 

I airfoil lift 

I airfoil section lift (dL) 

E flap hinge moment 

h flap section hinge moment (dH) 

M airfoil pitching moment 

m airfoil section pitching moment (dM) 

S airfoil area 

Sf flap area 

c chord of airfoil section 

c f chord of flap measured at airfoil section from hinge 
axis to trailing edge of airfoil 

c^ root-mean square chord of flap 

c-jj chord of balancing plate 

q dynamic pressure of free air stream 

p u static pressure at point on upper surface of airfoil 

p^ static pressure at corresponding point on lower sur- 
face of airfoil 



angle of attack 

anglo of attack for infinite aspect ratio 
deflection of flap with respect to airfoil 
span of surface 

chordvise location of vent measured from airfoil 
nose 

nose radius of flap 

constant defining size of "balancing plate 
span-load-di stri "bution factor 

span-load-distrioution factor 



aspect ratio 




• 3 s ... . ' 

= ^v ' : " , .. 

- ■ J - 



S 3 



l "8- 



•Subscript's: , . ' * '. . ■' 

0 initial force " and- moment at angle of attack* of 0° and 
flap deflection of 0 ' 

•: : .1- ■ ■ -induced angle 

2 •' -character! st.i cs in two-dimensional -flow ' 

'. 3 '■' 'characteristic's 'in •'¥h'ree:'--dijiren si-anal flow • 

''f " 'flap characteristics 

b halaneing-siirface -characteristics ' • 

Subscripts outside parentheses around partial derivatives 
indicate the variables held constant when ' the derivative s 
are taken. 
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Prime, indicates effective value for. flap and . "balancing 
surface combinations. The term "flap"/ ref ers^.to the mora- 
ble part of the control surface behind- $he- hinge axi s -{rud- 
der, elevator, or aileron). 

, ■• ' . 

ANALYSIS 03? INTERNAL BALANCE IN TWO-DIMENSIONAL-FLOW 

An internal "balance consists e sse'nt i'filly T of a flat 
plate enclosed in a sealed chamber within'the airfoil 
(fig. l) . The plate is connected to the flap surface ei- 
ther directly as in figure l(a) or by a linkage system.^as 
in figures l(b) and l(c). The free edges .of. the plate" 
are sealed by a suitable means to the. walls of the cham- 
ber in such a way that the static pressures at correspond- 
ing points on the upper and lower surf ace s of • the airfo.il, 
admitted through vents, act on opposite sides of the p'lat§. 
The resulting force on the flat plate causes a moment that 
tends to balance the aerodynamic hinge moment of the flap. 
1 The hinge-moment characteristics of the flap can be con- 
trolled by varying the location of the vents and the; r si'i2e 
of the balancing plate. The calculation of the section 
characteristics of a flap with an internal balance is de- 
scribed in the following analysis. . / . i\ 

The distribution of pressure normal to the airfoil 
surface has been experimentally measured in two-dimensional 
flow for the NACA 0009 airfoil with plain flaps' -"(reference's 
1, 2, and 3). Prom a study of the pressure-distribution 
• ;: diagrams -obtained iir these investigation's, it' has 'beon ex- 
perimentally determined that the variation of pressure at 
any point on the airfoil surface is a linear function of 
both angle of attack and flap deflection. The" range of'" 
linear variation, of course, is terminated by separation 
phenomena. ' ' ' ' ■' ' ■ ". ' •" 

The rate of change- of" re suit ant pressure' coefficient 
with angle of attack P a and with flap deflection P g . 

is plotted as a function of chordwise position in figure 3 
for the NACA 0009 airfoil -with a 0.30c,- a 0.50c;. and an<- 
0.80c plain flap with sealed gap at the flap nose. Be- 
cause of separationr-phenomena, the variation of P' - With 
,'a a V has" /the "slope .P a ^ .only within the limits' * '±10° 

and the variation of P' with 8 3 has the slope P g 

only within S 3 = ±10°. 
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The section hinge-moment coefficient of a flap equipped 
with an Internal balance may he expressed as 



c h ,= c h. 



+ c. 



a, + Sx 



(1) 



where 



and 



■:°h 



» = C, 



a> 



o h J =.Cj 



+ kP, 



+ kP, 



6. 



(2) 



With the hinge-moment parameters cj^ arid' c^'g ■ of the 

flap to he balanced and the desired parameters c v 1 and 
• " "a 

c. '.. fojr the balanced flap known, the required values of 



and 



can' be. ..computod. . The vent location that 



gives these rates of change of pressure can-then be picked 
from the curves of figure 2<" The physical dimensions of 
the balancing, plate and the- mechanical advantage of the 
linkage system that connects the plate to the flap are de- 
termined by the factor k which can be evaluated from 
equati on ( 2) ' ■ " 



a. 



kP 



a. 



kP 



5 h„ , ~ ■ c h rt 



(3) 



In' order to' locate the proper, vent , it is convenient 
•to plot'the ratio P^ /Pg - as . a function of'chordwise po- 

sition. The vent location that'gives %he ratio. ^a^/^Sr, 

. » 3 3 

calculated 'from equation. (3) -can be determined from this 
curve, Which- can be plotted from the. data presented in 
figure 2'. '■'■•"•- ■-. • •' ' 

The 'size' cJf .balancing plat e ' requireu depends upon the 
type 'of : 'mo'ti'Q'n -the plat e undergoes' as'the'flap is deflected* 
If the plate "is- hinged along one edge, the -size' of plate 
required'- t'o do -a given amount of work in balancing the flap 
will be twice -as . g-r-eat as that required if -the plate is al- 
lowed- to move as a. piston, either case the' '"size of 
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plate required is "determined by the factor k. After the 
vent locations have "been determined, the values of P_ 

and Po are known and k can he evaluated from equation 

°s --■>-.- 

(2) . Thus 

1 - Cr, kP_,. 
k=J^ ^a = ^L (4) 

For a rectangular flat plate hinged at one edge, the 
moment about the hinge caused' by a'" uniformly distributed 
pressure is 

■ = kPc^b.q • 

This quantity . multiplied by . tho . me chanical . advantage 
SS^/dS^ of the connecting linkage is the balancing moment 

supplied to the' flap. - The" size of the balancing plate in 
terms of the flap chord is, therefore, 



2k 



^ ^f . . ■ ■ (5) 



If the vent on the upper surface is located at a dif- 
ferent airfoil st at ion. 'from .that of the vent on the lower 
surface, the internal balance- will cause the flap to have 
an initial hinge'- moment"' coo-ff icient c h at an angle of 

0 0 

attack and a flap deflection of 0 . In this manner tho 
ihtef'nal' balance 'can be: designed -to supply the flap with 
an initial floating tendency. 

A "series of calculations has been made to illustrate 
'the 'possibilities of the internal- balance as a .means of 
regulating' the 'hinge -moment- paramo ter-s -of -a" control- sur- 
face . Tho resultant prossuro character i sti qs - for the UAOA 
0009 airfoil in two-dimensional flovr as presented in figure 
2 we're : used 'as 'the --ha sea- of the -d'a-l-culations , and the re- 
sults 1 ' for tho' O.^Oc and .the 0.50c flap are given in figure 

■3 . ' The 'application of.' the -analysis already derived is il- 
lust'r-a'ted by the .following e;Eampl-e: - worked out for one par- 
ticular point on .'the "curves of figure-3; The hinge- 

'moment parameters "c',„ and Ct, for the 0.30c plain flap 
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on the UACA 0009 airfoil can be found "by taking the moment 
about the 0„70c station of the areas under the curves of 
T = f, (x/c) and P. = f„(x/c) in figure 2. For the 

t ^ unbalanced flap, c, = -0.0075 and c h = -0.0130. 

rc> u a, 8 

^ The vent locations and the length of the "balancing plate 

required to make c^ 1 = 0 and c^ 1 = 0 may "be calcu- 

oc .6 
lated from equation (3) 

P a 0 - (-0.0075) 

p-f = 0 - (-0.0130) = °* 577 

Figure 2 shows that P a /Pg has the calculated value of 

0.577 at x/c = 0.66. The vents should he located, there- 
fore, at this station. The required length of the "bal- 
ance plate can "be found from the factor k. From equation 
(4). 

k = 0 - (-0-0075) = 0>160 
0 . 047 

From equation (5), for b-jj = bf and o8f/38"b = 1 



= /3(0.160) (1) (1) = 0.56 

c f 

The section hinge-monent characteristics for O.SDc 
and 0,50c flaps on the NACA 0009 airfoil were computed, 
for various arrangements of internal "balance (fig. 1(d)), 
to make Cj, 1 = c h /2, 0, and -c h /2. The length of 

"CO CO CO 

the "balancing plate required to give the specified values 

of c, 1 and the resulting values of c, 1 are plotted 

h a n 8 
as functions of vent location in figure 3. The mechanical 
advantage of the system is unity. 

An inspection of figures 2 and 3 together indicates 
that small values of c^ 1 may be obtained by locating 

the vents near the flap hinge axis because in this region 
the rate of change of resultant pressure with flap deflec- 
tion is large. The size of balancing plate required for 
a given value of c hg 1 will decrease, therefore, as the 
vent location approaches the hinge axis. Conversely, small 
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values of c^ 1 without much reduction in c^ 1 may "be 

obtained by locating the vents near the airfoil nose be- 
causo the size of "balancing plate required for a given 
value of c^ 1 decreases as the vent location approaches 

the airfoil nose. Comparable amounts of "balance are ob- 
tained for the 0.30c and the 0.50c flap by balancing plates 
of practically the sane size relative to the size of the 
flap and by practically the sane location of the vent with 
respect to the hinge axis. lor either flap, therefore, a 
balancing plate approximately 0.50c f long with vents locat- 
ed approximately 0.15c f ahead of the hinge axis is required 
to reduce both c>. 1 and c>, 1 to zero. 

EXP3RIHS3TAL VERIFICATION 
Apparatus, Model, and Tests 



Tests of a model wing with an internally balanced flap 
have been made in the 1TACA 4- by 6-foot vertical tunnel in 
order to check the validity of the theoretical analysis. 
This tunnel, described in reference 4, has been modified 
for tests in two-dinensional flow. A three-conponent bal- 
ance system has been installed in the tunnel in order that 
force-test measurements of lift, drag, and pitching mo- 
ment can be made. The hinge moment of the flap was meas- 
ured by an electrical strain gage built into the model. 

The 2-foot-chord by 4-foot-span model (fig. 4) was 
made of laminated mahogany to the 1TACA 0009 profile (table 
I). It was equipped with an internally balanced flap hav- 
ing a chord 30 percent, of the airfoil chord. The inter- 
nal balance consisted of a full-span flat plate O.llcf in 
length and fastened rigidly to the flap. Tho plate was "' 
attached to tne flap in such a way that when tho flap was 
neutral the plate was deflected down 13.5°. With' this 
installation the flap could be deflected' 24° positively. 
The odges of the plate were sealed to the walls of the 
balancing chamber by a rub"ber sheet. At the 0.56c sta- 
tion a series of holes 1/8 inch in diameter (0. 0052c) 
spaced spanwise 5/16 inch .(2s diam.) on centers were drilled 
through the upper and lower surfaces of tho airfoil to servo 
as vents. For a part of the tests, the gap between the air- 
foil and the nose of the' flap was sealed with a light groaee 
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For other tests, the vent location was moved "back near the 
hingo axis, to x/c = 0.69, by renoving the grease that 
filled the gap and by sealing the original vents with 
scotch tape. 

Because the model completely spanned the tunnel, two- 
dimensional flow was Approximated. The tests were made at 
a dynamic pressure of 15 pounds per square foot correspond- 
ing at standard sea-level conditions to an air velocity of 
about 76 miles per hour and a test Reynolds number of 
1,430,000. Lift, drag, pitching moment, and flap hinge 
moment were measured for each flap deflection throughout 
the angle-of-attack 0 range from positive to negative stall 
of the airfoil in 2 increments of angle of attack. Tests 
were made at flap deflections erf 0°, 1°, 2°, 5°, 10°, 15 , 
20°, and 24° with the forward location of the vent. The 
outer 25 percent of the vents at each end of the span 
were then sealed and tests were made at flap deflections 
of 0° and 10°. With the vent located near the hinge axis, 
tests wore made at flap deflections of 0°, 5°, 10°, 15°, 
20°, and 23.5°. 

Proci si on 

The maximum error in the angle of attack or in flap 
setting appears to be about ±0.2 . An experimentally de- 
termined tunnel correction has been applied only to lift. 
The hinge moments, therefore, are probably slightly higher 
than would be obtained in free air. Because of an unknown 
tunnel correction, values of drag coefficient should not 
be considered absolute; the relative values, however, are 
generally independent of tunnel effect. 

Computed Characteristics of Flap Tested 

The balancing plate was rigidly fastened to the flap 
in such a way that the flap nose formed the rear wall of 
the balancing chamber (fig. 4). The predicted character- 
istics of figure 3, therefore, do not strictly apply for 
this particular type of installation. Because the pres- 
sure in both sides of the balancing chamber acts uniform- 
ly on all walls of the chamber and because one wall of 
the chamber was the flap itself, the balancing moment must 
be calculated to include the moment of the force on the 
flap nose. The forward edge of the balancing plate was 
sealed to the forward wall of the chamber by a rubber 
sheet. For a proporly designed seal, therefore, half the 
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force on this seal may "be considered as "being transmitted 
to the flap as a "balancing moment . For the type of instal- 
lation tested, with the dimensions shown in figure 4, the 
"balancing moment is 

Pc^CE + 0^/2)^(5. = kPc f 3 b f q 
Therefore, "because b D ss "bj 

c h (R + c-h/2) 2.945(0.680 + 2.945/2) 
k = —2 2i - _ = 0,122 

c f a (7.200) a 

With the forward location of the vent, at x/c = 0.56, from 
figure 2 

P as = 0.062 

P fi = 0.060 

The hinge-moment parameters of the plain unbalanced flap 
are, from reference 5, 

Ch = -0.0070 

(X 

c h . = -0.0120 
o 

These valuos are slightly less than thoso measured in the 
pressure-distrihution investigation (reference .1 ) but, be- 
cause the chord of the model of reference 5 was smaller 
(2 ft instead of 3 ft) possible tunnel effects are smaller 
than for reference 1 and therefore these values are con- 
sidered more accurate. 

Prom equation (2), the computed characteristics of 
the internally balanced flap tested are 

c h 1 = (-0.0070) + (0.122) (0.062) 
= 0.0006 

c h '» = C-0.0130) + (0.122) (0.060) 
8 

= -0.0047 

Similarly, with the vent located slightly forward of the 
hinge asis, at x/c = 0.69, 

P a = 0.041 

P* = 0.120 

°3 
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For this vent location, therefore, 

c h 1 = (-0.0070)" + (0.122) (0.041) 

= -0.0020 
Oy, 1 = (-0.0120) + (0.122) (0.120) 
= 0.0026 

Experimental Results 

The experimentally determined aerodynamic section 
characteristics of an internally "balanced flap on the HACA 
0009 airfoil are presented as functions of airfoil sec- 
tion lift coefficient in figure 5 for two vent locations. 
The values of "certain aerodynamic parameters measured from 
the data presented by the curves of figure 5 are listed in 
table II. The effect on the aerodynamic section charac- 
teristics of sealing the outer 25 percent of the forward 
vent holes at each end of the span is shown for flap de- 
flections of 0° and 10° "oy the dashed curves in figure 
5(a) . 

The lift, the drag, and the pitching-moment charac- 
teristics of the internally balanced flap were the same 
as those for the plain, unbalanced flap of the same chord 
on the same airfoil (reference 5). This result is to be 
expected because the air flow over the airfoil is not dis- 
turbed in any way by the presence of the balancing device. 

The computed hingo-noment characteristics are in re- 
markably good agreement with the experimentally deter- 
mined characteristics. A comparison of the measured and 
the computed hinge-moment parameters is made in table II. 
With the forward vent location, at x/c = 0.56, the slope 

c h 1 was nearly the same for all flap deflections tested; 
a 

whereas with the conventional inset-hinge type of aerody- 
namic balance Cv generally increases negatively as the 

u a 

flap is deflected. The hinge-moment characteristics were 
not affected appreciably by sealing the outer 25 percent 
of the vents at each end of the span. Because, at 0° and 
10° flap deflection, the curveB c^ = f(c^) g did not 
change slope whon the outer vents were sealed the slight 
change in Cj^ 1 can probably bo attributed to experimen- 
tal error. 



i 
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The flap was overbalanced at deflections less than 
10 when the Tent was located near the hinge azis, at 
x/c = 0.69, (fig. 5(d)). The' flap with this arrangement 
of internal "balance will require the use of a leading, 
that is, unbalancing, ta"o in order to give satisfactory 
characteristics. The magnitude of overbalancing moment was 
not so great as that predicted from analytical consider- 
ations. 

It should he noted that the experimental tests report- 
ed in this paper were made for steady-state attitudos of 
the model and no attempt was made to ?nvestigato possible 
lag effects or damping caused by the rate of change of the 
angle of attack or the flap deflection. The determination 
of the optimum size 'Of vent for minimum lag and for proper 
damping are subjects for future investigations. 



THEORETICAL APPLICATION OP INTERNAL BALANCE 
TO CONTROL SURFACES OP FINITE SPAN 



The spanwise as well as the chordwise distribution of 
resultant normal pressure over the surface of the wing 
must be known in order to calculate the vent locations and 
the size of balancing plate required to "balance a control 
surface of finite span. Unfortunately, "because the lifting 
line theory assumes the induced downwash to be constant 
along the chord, the chordwise distribution of resultant 
pressure at a section of a wing in three-dimensional flow 
cannot be accurately computed by the application of theo- 
retical aspect-ratio corrections based on the lifting- 
line theory to the chordwise distribution of resultant 
pressure fcr a wing in two-dimensional flow. Until the 
lifting-surface theory provides an adequate method for the 
computation of chordwise distribution of resultant pressure 
at any section of a wing of finite aspect ratio or until 
empirical correction factors are experimentally determined 
for the existing lifting-line theory, the pressure distri- 
bution and hence the hinge-moment characteristics of con- 
trol surfaces of finite span cannot be accurately estimat- 
ed from two-dimensi onal-f low data. A research program to 
correlate two- and three-dimensional-flow aerodynamic 
characteristics both theoretically and experimentally is 
being conducted by the NACA.. 

Section data, corrected according to the lifting-line 
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theory, can serve as a first approximation for the calcu- 
lation of the hinge-moment characteristics of a finite- 
span control surface with an internal balance. An internal 
"balance for a finite control surface may he designed from 
the pressure-distribution diagrams for two-dimensional 
flow corrected in the manner to he indicated in the discus- 
sion which follows. If experimental tests of such a bal- 
anced surface fail to give quite the desired hinge-moment 
characteristics t the direction and the order of magnitude 
of modifications to the internal-balance design can be es- 
timated from the available pressure-distribution diagrams 
even though they are not exact. 

In order to arrive at a first approximation to the 
variation of resultant pressure coefficient with angle of 
attack and flap deflection for a wing of finite aspect 
ratio, the span-load distribution should be computed, 
ffrom the tables presented in references 6 and 7, for wings 
of various aspect ratios and taper ratios, the section 
lift coefficient Cj at any spanwise station can be com- 
puted in terms of the characteristics of the complete wing. 
Thus, at any section of a wing, 

al a 3 bi 6 3 



Therefore 



and 



oc-3 al ot-j 



c. = c. C_ 
l 8 3 Hi L 8 3 



The terms c, and c. are span-load distribution 
l al l tl 
factors and can be evaluated from references 6 and 7. 



If, in accordance with the lifting-line theory, the 
induced angle of attack at any section of a wing is as- 
sumed constant across the airfoil chord, the aspect-ratio 
correction to the variation of the resultant pressure dis- 
tribution with angle of attack is the distribution of 
pressure caused by the induced angle of attack at the sec- 
tion in question. This correction is illustrated in figure 
6. Thus 
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a 3 x a 3 T x 



Because 




it can "be shown that tie curve P a = f x (x/c) should he 

3 

corrected in proportion to the slope of the lift curve to 
ohtain the curve ^a, z = f 3 (x/c). Thus 



a 3 ^o>3 



l a 3 



C l„ l al L a- 3 



a 3 



■ ('0 



al a 3 



This form of aspect-ratio correction is similar to that 
discussed in reference 8 for the hinge-moment parameter 

• The variation of resultant pressure distrihution with 
flap deflection should "be corrected for aspect ratio by 
the distrihution of pressure caused by the effective in- 
duced angle of attack at the section under consideration 
when the lift is changed by flap deflections. Thus, as 
illustrated by the curves of figure 6, 

P- = P R + P R 

5 3 6 3 6 i 



P R + P rt - 

5 a <H c 



5 3 



l„ 
a 3 



= P s + (P_ - P a ) — 
°3 a 3 a S Cj 



6 3 



a 3 
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a 3 C. 



fr ''a 



3 



'? ^ °'cj v *bl -6 8 



The final expression for Po is similar to the aspect- 

3 

ratio correction for the hinge-moment parameter (ref- . 

erence 8). The resultant pressure di strihut ion caused by- 
flap deflection can "be divided, therefore, into two parts 
as in figure 7. One part ^ P 8j, = f 5 ( x / c ) is iue *'° cam- 
ber and, according to the lifting-line theory, is inde- 
pendent of aspect ratio. The other part /P c } c^ Cj, = 

. , . " \ l /8 1)1 8 3 

f 6 (z/c) is dependent on lift and must be corrected for 

aspect ratio in the manner indicated; iB ^keoret- 

ically independent of aspect ratio. 

The curves P a = f 3 (x/c) and P fi = f 4 (a:/c) for a - 

finite wing can be computed from the curves P as = f x (z/c) 

and P g = f 3 (s/c) for the airfoil in two-dimensi onal flow. 

Such computations, of course, are subject to all the limi- 
tations of the lifting-line theory. At best, therefore, 
the pressure distribution calculated by this method can offer 
only a first approximation to the actual chordwise distribu- 
tion of resultant pressure at a section of a finite wing. 
For small aspect ratios, the effect of induced Btreamllne 
curvature probably causes considerable discrepancy between 
the actual and the computed distribution because the param- 
eters fP c J and (Pg ) cease to be independent of as- 

pect ratio. 

Once the curves P a = f 3 (z/c) and P 8;j = f^(x/c) 

have been determined at several spanwise locations, the 
calculation of the characteristics of the internal balance - 
should be made in the same manner as has been discussed 
for a model in two-dimensional flow. Thu-s it should be 
possible to calculate the size of the balancing plate and 
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the vent location that give any desired hinge-moment param- 
eters to a control surface of finite span. 

As a part of the HA OA wind-tunnel investigation of 
control surfaces, experimental tests are scheduled to check 
the proposed method of making design calculations for an 
internally . "balanced control surface of finite span. The 
experimental tests of an internally "balanced flap in two- 
dimensional flow have shown good agreement with the calcu- 
lations for a control surface of infinite aspect ratio. 
The tests in two-dimensional flow can serve, therefore, to 
indicate the direction in which the vent location should 
"be moved on a control surface of finite span if the calcu- 
lated location should fail to give the desired hinge- 
moment characteristics. The vent location should he moved 
toward the leading edge of the airfoil to decroase Ct, 1 

and should he moved toward the flap hinge axis to decrease 
Cj^ 1 . The magnitude of the balancing moment may he varied 

by altering the size of the balancing plate. This proce- 
dure does not change the ratio of the balancing moment 
proportional to the angle of attack and the balancing mo- 
ment proportional to the control- surf ace deflection. 



PROPOSED APPLICATION TO BALAHCIITG TABS 



One possible use of internal balance that is worth 
noting is its application to balancing tabs. A full-span 
balancing tab is a powerful device for reducing the hinge 
moments of a control surface provided that the tab can be 
deflected as a function of angle of attack as well as of 
flap deflection. It is therefore proposed to provide a 
control surfaco with a full-span balancing tab actuated 
by an internal balance to govern the rate of tab deflec- 
tion with angle of attack and with flap deflection. If the 
flap is provided with a moderate noso overhang, the amount 
of work the tab must do to balance the flap is reduced and 
a tab of small chord that operates woll within the linear 
range may be used. The internal balance, because it has 
only to augment the tab hinge moments, can be made small 
and compact and most probably in the form of a piston and 
cylinder. The principal objection to an internal balance, 
size, can therefore be largely overcome. 

Calculations indicate that x*ith the type of installa- 
tion described, the tab would float freely in such a manner 



19 



that the hinge moments would "be reduced, the pilot's con- 
trol "being attached directly to the flap. If the internal- 
ly "balanced tab is arranged to float in such a way that 
T °h f ' is Positive, 0 hf is negative, and the pilot's 

d - 8jr 

P control effects a trim sotting to the balancing tab, the 

system becomes the equivalent of a servocontrol system 
that has a tendency to float against the relative wind. 

The application of an internal balance to tabs became 
apparent in the study of the characteristics of the inter- 
nal balance and it is mentioned in this paper only as a 
possible application of the device. The detailed charac- 
teristics of such a system are beyond the scope of this 
paper and remain a subject for further investigation. 



. conclusions 

The theoretical analysis presented in this paper and 
the experimental results of tests in two-dimensional flow 
of an internally balanced flap on an NACA 0009 airfoil in- 
dicate the following conclusions: 

1.. An internal balance is a feasible and an aerody- 
namical^ desirable means of .controlling the magnitude and 
the direction of the rate of change of flap hinge moment 
with angle of attack and with flap deflection. 

2. Section hinge-moment parameters calculated for an 
internally balanced flap from experimentally determined 
pressure-distribution diagrams are in satisfactory agree- 
ment with parameters measured experimentally on a model 

in two-dimensional flow. 

3. ' Experiment indicates that because the internal 
balance is entirely concealed within the airfpil contour, 
the lift, the drag, and the pit ching-moment characteris- 
tics of the control surface are in no way affected by the 
presence of the balancing surface. 

4. Section data, corrected for aspect ratio accord- 
ing to the lifting-line theory, can Berve as a first ap- 
proximation for the calculation of the distribution of re- 
sultant pressure and hence the hinge-moment characteris- 
tics for a finite-span control' surface with an internal 
balance . 
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5. Analysis indicates that a full-span balancing tab 
actuated "by an internal "balance should prove to he a fea- 
sible method of reducing control forces. 

Lmgley Memorial Aeronautical Laboratory, 

National Advisory Committee for Aeronautics, 
Langley Field, ?a. 
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TABLE II 

COMPUTE) AID XXPBRMHTAL PARAMBHRS FOR 0.30a 
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ah</ mf/j f/ap c/e.f/ecf/0/7 as a f&t/iaf/o/i af c/iorc/w/se /pos/t/oh. 
A/AC A OOO 9 cttrfoi/ w/ffi 0.30 a 9 0,50 c, and 0.60 c />/«/* /Zaps' 
w/'/A Jea/ee/ ff4/*s. 7&v - afo?e/&/a#a/ f/*t*>. M 



IAOA 



LO 



31^ 



rie. 3 




.03 



jOL 



«J O 



-.OJ 



-.oz 



0.00 33 

. .oooo 



\ 



\ 




./ .1 .3 .4 S JS 

(a) 0.30c f/ap. Vent /ocatfon,^ 

Ftfure. 3.— Effect of t r&/7f /ocaf/o*. and J>a/ance /enytA otn C/,' *nd 

Cji^ for /'»fist-/ia//y Aa/twced />/a/n f/«/>s on At9M a&f? a/ffoA 




(b) O.SOc f/ap 
F/fure. 3 . — CaHc/c/det/. 



Vent /ocat/on-, — 



.7 



3 



10 




0 




.a -2 J 

^3 jo 




/yj>(/re 5,- Contf/udad . 



KAQA 



rigt. 6,7 



Q»0 




I I - I I I 

-Two-dimensional-flow distribution (A= 
-Three-dirnensionaJ-f/ow dis/ribuf/on (A = 3.6) 
■Induced distribution 



_P_'. ^- 




r : " r 

1 1 


i 




y 

i i , . 


III! 






1 

, . I r 1 I > . i 1 i , t I 



.6 



figure 6. - Rate of cnange of resultant pressure coefficient with angle of 
attack and with f/op deflection as a function of chordv/ise position 
for two-and three-dimensional flow. A/ACA \ O0O9 airfoil with a 0.30 c 
plain flap with sealed gap. 



p = p -r p 

^3 ^2 X- 



~ / 

J »' 



-I 



1 

\ 
\ 


1 

i 
1 


v I— 1 1 " ■ 

1 

1 

i 1 « 










i 


■ 

to 


















i 
i 

i 

i i . . _ . 


. . i 










1 

i 
j 
















: l 
i ! 







.1 



.z 



■ 5 * 6 

c 



.7 



.6 



.9 
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